Housing units with closer access to public transportation enjoy a higher market value than those with similar characteristics but poorer access. This difference can be explained by the less expensive cost of transport to the main workplaces and shopping areas in town. For this reason, investments in public transport infrastructure, for example, building a new metro line, are capitalized totally or partially on land property and housing prices.
Introduction
Investing in public transport infrastructure bears a strong influence on urban development patterns and on house development market share distribution. Building or improving highways and mass public transport bears influence on the way demand and supply perform concerning location for residential, business or industrial use.
One of the effects that economic theory predicts with respect to the benefits of the different facilities and public transport services is that the latter capitalize totally or in part on land property and housing prices.
Despite the predictions of economic theory, broadly speaking, there is no consistent relationship between proximity to transport lines and property prices. For instance, the studies by Debrezion, Pels and Rietveld (2003) , Dewees (1976) , Grass (1992) , Bajic (1983) , Voith (1991) and Al-Mosaind et al. (1993) have found positive effects in the case of trains and subways used in different cities of the USA and Canada. On the other hand, the works by Dornbusch (1975) , Armstrong (1994) , Bowes and Ihlanfeldt (2001) show negative effects for trains. Gatzlaff et al. (1993) have found no evidence concerning the effects of having announced the new train system in Miami.
There is little empirical evidence in the case of anticipated effects of building public infrastructure. However, such evidence shows there is a certain degree of significant capitalization before a new facility or transport system starts operating (McMillen and McDonald (2004) , Damm et al. (1980) and McDonald and Osuji (1995) ).
In the case of Santiago de Chile, the metro system constitutes one of the most important investments in public transport infrastructure; the government decided that in 2001 the system would be enlarged significantly, extending two of the already existing lines and building a new one.
The purpose of this work is to identify the degree of capitalization a new metro line has on the house prices of the suburbs the new line will serve.
With a unique data base and a methodology that combines hedonic regressions with an average treatment effects estimation, especially the degree of capitalization of access to the Santiago metro on house prices has been analyzed, as the result of building a new line. Because this new line started operating in December 2005, the estimated effect on property prices corresponds to the capitalization of the present value of future benefits granted by access to the system thanks to the soon operating new line.
The results show an important effect of anticipated capitalization as the consequence of building the new Line 4 of the Santiago Metro. The average price of apartments rose between 3.3% and 4.4% after construction was announced, and between 4.4% and 5.7% after the basic engineering project showing the location of the stations was made known. The capitalization degree is not homogeneous and, as expected, depends on the distance to the closest station. For an apartment located at a distance shorter than 200 meters the average price increase is 3.7% after announcing construction, and 4.68% after knowing the basic engineering project, while for a flat located between 600 and 800 meters away, the average price rise is 2.23% and 3.34% respectively.
The content of this article is dealt with as follows: in section 2, there is a brief description of the Santiago Metro System, particularly, with respect to the new Line 4 construction; in section 3, a simple capitalization model is introduced; section 4 discusses identifying the metro system effect on house prices; in section 5, the data used is described; in section 7, the empirical results are shown and discussed; the conclusions are found in section 8.
The Santiago Metro System and New Line 4
In 1969, the Santiago metro network was designed as the central axis of the city transport system. The master plan included 7 lines which would be built following demand evolution. In 1975, the first section Moneda-San Pablo started operating; it was Line 1. Later on, Line 1 was extended to Escuela Militar in 1980 and Lines 3 and 5 were built; they started operating in 1987 and 1997 respectively. These three lines actually in operation cover 40.2 km railways, 52 stations, and in 2004, an average 866,700 daily travels were registered on weekdays. The following map shows the location and scope of the Santiago Metro Lines.
In May 2001, the government announced a new investment plan to solve the urban public transport problems in the city of Santiago. This plan, called Transantiago, means a re-organization of public transport through an integrated transport system with new buses, separate bus lanes and the metro network. stations while the secondary section is 8.7 km long, with 6 stations 2 . Demand projections reflect an increase in the average daily circulation flow of some 324,000 passengers; that is to say, 34.7%, of the present traveling figures.
Public Goods, Transport Cost and Housing Prices
The characteristics associated with a housing unit and its location determine the prospective buyer's acceptance of the price to be paid for it. Location bears a fundamental effect for two reasons: access to public goods and transport cost.
In the first place, location determines the level of the local public goods the residents can 7 consume. According to such characteristics, the market price of a housing unit reflects the marginal value to be paid for by all potential purchasers of units located in an area with access to a set of public goods (Yinger (1982) , Rubinfeld (1987) ). The degree of heterogeneity in the preferences of local public goods determines the degree of capitalization, but empirical evidence shows that its average value tends to capitalize importantly on housing prices 3 .
Secondly, the location of a housing unit determines the cost of transport the residents incur in to travel to their work and study places. Following the characteristics of a given unit and the level of public goods the residents can have access to, market price reflects the time and distance to the main job markets and to goods exchange places in a city (Von Thünen (1863), Alonso (1964) , Mills (1967) and Muth (1969) ).
New Line 4 is a semi-public good that reduces travel cost to the main workplaces and shopping centers of Santiago. For the two reasons above mentioned, one of the expected effects is a rise of housing demand in the geographical areas close to new Line 4 stations. Because land property supply in the relevant area is fixed in the long term, a demand rise should reflect an increase of land prices and housing units located near Line 4 stations. This increase would depend on the distance of the different housing units and properties to the new metro stations.
Simple Capitalization Model
A simple model is introduced in this section, adapted from Alonso's (1964) , to show the consumer location decision explicitly in terms of the metro network.
The problem facing each consumer is to maximize utility, in terms of the size and location of the unit, subject to budget constraints related explicitly to transport cost and its effects on house prices. This maximization can be expressed as follows: ( , , ) . . 
The first order conditions for.this maximization problem are:
From equations (2) and (4), one of the equilibrium location conditions can be obtained:
This first equilibrium condition establishes that the marginal ratio the consumer is willing to accept to substitute property square meter consumption, m, with consumption of other goods, is equal to the relative price. Relative prices depend on the distance to the transport service under study.
From (3) and (4), a second equilibrium condition is obtained:
This second condition establishes that the marginal value the individual would accept to pay per property square meter decreases as transport cost increases and rises when disutility causing longer traveling diminishes.
This simple model shows that, from a theoretical viewpoint, there would be a negative relationship between house prices and distance to the closest metro station. This houseprice/distance relationship is not necessarily monotonically decreasing. The reason for it is that the metro station may have two possible impacts: on the one hand, a means of transport is made available, which produces a direct positive effect because the residents in the neighborhood reduce transport cost; on the other, the metro station generates a host of effects indirectly associated, for instance, with better lighting in the area, increased circulation of people, higher noise level, more commercial activities, etc. The net impact of this host of indirect effects is ambiguous because some of them may impact on the price of the housing units nearest to the station positively, while others may do so negatively. Consequently, the house prices/distance to the closest metro station relationship may have non linearities or it may even be some of the function components be increasing.
Although this simple model offers a forecast empirically testable with respect to the impact distance to the metro station on property value may have, other factors also affecting housing prices and included in the consumer decisions have not been considered.
Empirical evidence shows it is of weight to include as determinants of house prices the housing unit characteristics (number of rooms, age, square meters, and others), the neighborhood characteristics (delinquency rate, average income, quality schooling in the area, etc.) and property tax and local public goods supply (garbage collection, police patrolling, hospitals, and others) 4 .
In broad terms, the house price equation to be estimated is:
where the dependent variable P(i) is the selling property price i, X(i) the housing unit structural assets matrix (including surface, number of bathrooms, bedrooms, etc), L(I) is the matrix reflecting the neighborhood and location features other than access to mass public transport (public goods, green areas, shops, schools, clinics), D(i) is a matrix for the relevant variables related to access and, lastly, (i) is the error.
The estimation of equation (8) is equivalent to a hedonic price regression (Rosen (1974) , Bartik (1979) and Freeman (1979) ), which captures the average value consumers give to each particular housing unit characteristic and its surroundings 5 .
2. Specific Announcement ( 6. Operating Consolidation (t=5): After a few months in operation, consumers collect more information concerning quality service, frequency and prices.
If consumers have rational expectations, capitalizing the benefits that the new Line 4 may bring about should take place at the moment of announcing construction. However, the degree of house price adjustments also depends on the expected risk of the construction not occurring and of uncertainty concerning location of the stations.
In order to discuss identification of the impact of the metro system on housing prices, let us take only one stage; for example, announcing the construction of the new metro line. Let us define the t-1 period as the ex ante situation before announcing construction and with t the ex post period. If, in effect, some capitalization did occur, and checking with all other relevant factors, it would be seen that the price of a housing unit i increases from P it-1 , at t-1, to P it , at t.
To quantify the externality value generated by building the metro line on a given property price, the mentioned price range should be determined if the case under study did not exist; that is to say, it is necessary to imagine a counterfactual 6 situation. As it is not possible to observe the same housing unit in both conditions, it is necessary to find one with similar characteristics (home type, covered square meters, number of bedrooms and bathrooms, orientation, etc) in an area not within the range of the metro layout, called the control property unit. The estimator to calculate 6 See Rubin (1974) ; Rosenbaum and Rubin (1983) ; Angrist, Imbens, and Rubin (1996); and Heckman, Ichimura and Todd (1997) .
the externality is the difference in difference estimator from the following equation 7 :
where
The interpretation of this estimator, obtained by modifying the hedonic regression specified in (7), is the following: the average change in the distance marginal value from the housing unit to the metro station with respect to the average change in the marginal value of those units not within the metro range.
Data
The For each apartment, the distance to each of the 44 metro stations was calculated (19 of them belonging to Lines 1, 5, and 25 related to the future Line 4) as is next described.
1. By using Mapcity, the digital map of Santiago, the metro stations corresponding to Lines 1, 4 and 5 were located 9 .
2. The Euclidian distance (d) between each home and the metro stations was calculated 10 :
Over the 20,900 total apartments on the data base, there are 6907 units for which the shortest distance to a station coincides with a station corresponding to new Line 4 Firstly, there is a set of variables which capture the structural characteristics of each apartment: covered surface in square meters, number of bedrooms, number of bathrooms, whether there is a basement in the building, elevator, parking, type of apartment (new or second hand), whether it enjoys fiscal benefit DFL 2 and if the building is located in a street or an avenue.
Secondly, there is a set of variables which capture access to public and semi-public goods.
Along with distance to the metro station, and using the same procedure already introduced, the closest distance between each unit and a school, hospital, clinic and green area were calculated.
582 schools, 8 hospitals, 52 clinics and 756 existing green areas in the relevant communes were taken.
In the third place, a set of dummies equivalent to fixed effects per commune, per month and per annum has been taken. Line 4 basic engineering. Although it is expected that property value decreases as distance to a station increases, it may be that for the apartment units close to the stations the value goes up as a farther distance makes them less noisy and the circulation of people and shopping diminish (Dueker, Chen y Rufolo (1997) ).
The potential problem these two variables show is that distance of the apartments for which the metro system is irrelevant are also considered. For example, for a flat located 2 km away from the nearest station, it is unlikely that construction announcement or basic engineering information had had any impact on prices. The expected bias derived from including distance for those units is downward; that is to say, the estimated coefficients may show a lower property value rate as distance to the metro station becomes longer. In order to eliminate such potential bias, the interaction of the variables Announcement and Distance with the dummy D1000 variable that distinguishes between the apartments within a 1000m range to each station from the farther away units have been considered 12 . This last variable is a difference in difference estimator, as the one mentioned in Section 4. Tables 2 and 3 show the results of equation (10) The results concerning the impact access to some public goods have are not altogether satisfactory. The estimated coefficients for the variables measuring closest distance to a clinic, hospital or school are not statistically significant. There may be two alternative explanations in this respect. One of them is that the quality service is more important than the location distance.
Results
But when the variable measures distance from the apartment to the closest green area. the coefficient is indeed significant but with a positive sign, which is contrary to expected. A possible explanation may be that consumers do not judge quality or that they may prefer a larger though farther away green area to a closer small square. For some of the communes in the sample, some green areas constitute places associated to higher crime.
Changes in housing stock has a negative effect on apartment prices and is statistically significant; they reflect the impact higher supply has on the market equilibrium price.
Lastly, the effect of fiscal benefit DFL. 2 is statistically not significant. In this respect, it is important to remember that the sample period starts in December 2000, a moment when some of the fiscal benefits had been reduced. Model 4 offers interesting results; different from the other three models, it includes the variable D1000 interacted with the variables Distance and Announcement. As mentioned earlier on, this variable distinguishes units within a 1000m range concerning distance to each of the metro stations. Because the strongest impact occurs in the quoted range, this variable helps to distinguish a group of units with treatment from another group without treatment, and, then, it becomes a difference in difference estimator. The results of this model show a capitalization of 160 UF on the apartment value after construction of the new line has been announced.
Capitalization at Announcement
Capitalization grows the closer to the station the apartment is located; the unit price increases at a 0,065 UF rate per each additional meter closer to the station. It must be noted that this last effect is statistically non-linear because the coefficient for the square distance is statistically significant.
However, the estimated coefficient is very close to zero. Table 3 shows the results of the estimation when the treatment variable stands for knowing the basic engineering project. As already mentioned, such knowledge gives certainty concerning the metro stations location.
Capitalization at Basic Engineering Informing
The coefficient of the Basic Engineering variable is positive and statistically significant.
The estimator point reflects a capitalization between 161 and 206 UF, equivalent to an average increase between 4.5% and 5.7%, higher than that estimated for the moment of announcing construction of new Line 4.
Just as with former results, the degree of capitalization depends importantly on closest distance to a station. The interaction of the Basic Engineering and Distance variables captures that effect and, as can be seen in the Table, the estimated coefficient is negative and statistically significant, and reflects lower price in a range between 0,061 and 0,139 UF for each additional meter farther away from the closest metro station. It must be pointed out that the results in Tables 2 and 3 Although the average impact on the apartment prices within range of new Line 4, between 2.9% and 4.7% according to distance, is important in magnitude, it is likely that said impact be still higher for two reasons: a) the new metro line will not yet be operating and, following conversations with some Development Agents, it is highly probable selling prices go up when the stations are actually operating; b) there is supporting theoretical and empirical evidence 13 There may be, for example, some degree of space correlation between prices in neighboring communes.
concerning the likelihood that a fraction of the metro impact be capitalized on the wages of the people living in the communes where the metro is operating (Roback, 1980 and Blomquist et al., 1988; Tracy, 1989 and 1991) . Then, it may well be that the estimated capitalization on housing underestimate total capitalization as the result of building new Line 4 in the Santiago Metro System.
Fiscal Effect of Capitalization
One of the most important indirect effects which potentially metro capitalization on house prices may have is that as house prices increase property tax collection would also go up. For this effect to actually occur, it is required that the Internal Revenue Office reassess properties in the communes where the new line will be operating.
The change in tax collection ( R) may be calculated as
where BI stands for the change on tax base and t vi is the tax rate,which is a function of the property value 14 Using the results from these estimations and equation (11), the potential changes in the tax base (fiscal assessed value) and in non-agricultural land payments have been estimated. To this effect, only the 3194 apartments located less than 1000 meters from the closest new Line 4 station have been taken.
In Table 5 , the main results for each of the four models estimated are shown; it is assumed that the rise in each apartment fiscal assessment increases proportionately to the capitalization 14 Non-agricultural areas destined to housing enjoy a land tax exemption amount of $ 10,878,522 at 1 January 2005. The aliquot corresponding to non-agricultural land property destined to housing is 1.2% per annum, when the tax base is not in excess of $ 37,526,739 at 1 January 2005; it is 1.4% per annum when the tax base is in excess of the quoted amount.
brought about by announcing the basic engineering. In case I, it is assumed that the fiscal assessment rise is independent of the distance each apartment is located at from the closest station. In case II, it is assumed that the fiscal assessment rise considers the degree of capitalization depends on the distance between the apartment and the nearest metro station. and 20.2% of the cost of investing in the metro system 15 .
Although the estimated tax collection increase does not cover the investment costs of the new Line 4 of the Metro System, it should be noted that the estimated rise means a lower bound for various reasons. Firstly, the estimation assumes that new development projects will not be 15 Assuming a 40 year useful life and an 8% discount rate (estimated useful life for the metro trains is 40 years and 100 years for infrastructure and rails).
incorporated over the next 40 years. Secondly, the increase of 86,691 new housing units in the 1000 meter range of all Line 4 stations in the sample communes has not been considered.
Thirdly, the increase in tax collection given the higher housing prices in La Granja, San Ramón, La Pintana, La Cisterna and El Bosque (communes which also have Line 4 stations in their range)
has not been considered. Lastly, tax collection increase as the result of business licenses has not been included.
Conclusions
In general terms, investing in public transport infrastructure contributes to reduce traveling time and modifies consumer location preferences; in the medium or long run, urban conformation also changes.
In the city of Santiago, Chile, the Metro System is one of the most important investments in public transport infrastructure; in 2001, the government decided to considerably enlarge the metro coverage by extending Lines 2 and 4 and building a new Line 4.
The construction of this new line has important effects for the city and has given way to different positive externalities; for this reason, an evaluation of its impact is important concerning public policy. The impact of the metro system brings about relevant effects on urban planning, public transport and fiscal policies. Additionally, from the point of view of the private sector, the mentioned impact means a very important sign for housing development projects.
This work has made use of an only a unique data base to study one of the many effects that building a new metro line brings about: the appreciation of the environment. In particular, by using a methodology that combines hedonic regressions and the estimation of average treatment effects, the degree of capitalization of access to the metro system on house prices has been estimated. Because the new Line 4 of the Santiago Metro is not yet operating, the estimated effects correspond to anticipated capitalization of this new line on apartment prices.
The results show a very important effect of the anticipated capitalization as the result of building a new metro line. The average value of the apartments rose between 3.3% and 4.4% after construction announcement and between 4.4% and 5.7% after the basic engineering project locating the stations was made known. The degree of capitalization depends on the distance to the closest metro station, decreasing at a rate between 0.06 and 0.14 UF for each meter farther away from the closest station.
A relevant aspect to consider in future extensions of the metro system is the likelihood of financing part of such extensions with a property tax rise that would allow the state, who indeed makes the investment, to capture the property value increase that results from building a new metro line.
